Transition nuclear proteins (TNPs), major proteins found in the chromatin of condensing spermatids, have been implicated in spermatogenesis and male fertility. In this study, DNA samples were collected from 404 Chinese Holstein bulls and sequenced to identify genetic variants in the 3 0 -untranslated region (UTR) of TNP1 and to investigate genetic variations in the TNP1 gene and their common haplotypes. This study was also conducted to determine whether these variations affect bovine semen quality traits and expression levels by PCR-restriction fragment length polymorphism, bioinformatics analyses, quantitative real-time PCR (qPCR), and fluorescence assay. Results showed that one new single-nucleotide polymorphism (SNP; g. 528 G.A, ss1388116558) and one reported SNP (g. 442 A.G, rs110469441) were found in the 3 0 -UTR of the TNP1 gene. Bioinformatics analysis results revealed that both loci were located in bta-miR-532-binding and bta-miR-204-binding regions, respectively. Association studies revealed that bulls with H1H1 (AGAG) and H1H3 (AGGG) haplotype combinations exhibited a lower deformity rate than those with other haplotype combinations (P , 0.05). The qPCR results showed that the relative mRNA expression of TNP1 in bulls with H1H1 haplotype combination was significantly higher than that in bulls with H4H4 haplotype combination (P , 0.05). MicroRNA qPCR results suggested that bta-miR-532 expression was downregulated by 5-fold in adult bull testicular tissues compared with that in fetal bull testicular tissues; by contrast, btamiR-204 expression was downregulated by 1.6-fold. Luciferase assay results also indicated that TNP1 expression was directly targeted by bta-miR-532 and bta-miR-204 in murine Leydig tumor cell lines. These results provide the first indication of g. 442 A.G-mediated and g. 528 G.A-mediated translational suppression in which SNPs altered the binding of bta-miR-204 and bta-miR-532 to the 3 0 -UTR of TNP1; the mediated translational suppression could be involved in the regulation of TNP1 expression and may influence the morphological characteristics of Chinese Holstein bull sperm. We propose that SNPs on the TNP1 3 0 -UTR may help select semen quality trait in Chinese Holstein bulls in the dairy industry.
INTRODUCTION
In dairy cattle breeding, one of the main objectives is to produce one calf from each cow annually and to obtain a high net income for dairy workers. With artificial insemination (AI), conception rate depends on the quantity and the quality of semen, including semen volume per ejaculation, sperm motility, sperm concentration, membrane integrity, postthaw cryopreserved sperm motility, deformity, and so on. A deficiency in the breeding ability of a bull affects herd productivity to a greater extent than fertility problems of females because an individual bull is used to serve many females by AI. Bulls with subfertility problems usually cause higher losses than infertile animals because the latter can be culled early, whereas the former remains under observation for a longer duration. However, semen quality traits cannot easily be selected directly because of low heritability [1] . With advancements in genetic and molecular techniques, DNA polymorphisms have been applied in marker-assisted selection of animals. Several studies have investigated single-nucleotide polymorphism (SNP) associations with sperm quality traits by genome-wide association analyses in various cattle populations [2] [3] [4] . Most of the reports have highlighted the most significant SNPs, but varied results have been obtained. Several SNPs exhibiting significant associations with poor sperm motility, sperm concentration, bull fertility and fertilizing ability of sperm, and subsequent embryonic development were found; however, detailed SNP information was not provided [2] [3] [4] [5] . Therefore, candidate gene approaches have been applied to detect variations or polymorphisms existing among individuals in a bull population to detect specific DNA regions and to increase selection efficiency, particularly in low-heritability sperm quality traits. Histones, transition nuclear proteins (TNPs), and protamines are possibly good candidate genes determining sperm quality traits because these proteins are involved in spermatogenesis [6] [7] [8] [9] . These important sperm proteins (histone, TNPs, and protamines) are implicated in various functions, such as preserving DNA integrity in the sperm head by preventing attacks from exogenous or endogenous agents [10] .
In spermatogenesis, the sperm nucleus undergoes a marked rearrangement, which involves the removal of histones and their replacement by various nuclear proteins, including highly positively charged protamines [11, 12] . The TNPs involved in histone-to-protamine replacement during spermatid nuclear transformation likely remodel sperm nuclear chromatin in order to maintain stability after transformation to a DNA-protamine complex occurs [13] . However, spermatogenesis fails when TNP1 is not expressed in the human testis, as characterized by a round spermatid arrest [14] . Mutation in the human TNP1 gene has been reportedly associated with DNA damage in patients with azoospermia and in patients with varicocele [8, 15] . Furthermore, sperm nuclear morphology, nuclear condensation, acrosomal integrity, and DNA integrity-which are significantly altered in TNP1-knockout mice, a genotype with a drastic decline in fertility-may also have been involved [7] . The TNP1 gene revealed three SNPs in the intronic region between variant C and variant D of Murrah buffalo; these SNPs significantly affect the maturation of spermatozoa. Variant D shows a significantly higher percentage of immature spermatozoa (12.1549% 6 0.8837%) than variant C (9.7964% 6 0.3061%) [11] . TNP1 plays an important role in spermatogenesis; thus, mutations in this gene can cause failures in spermatogenesis. Although studies have assessed mutations in this gene and its association with male infertility [15] [16] [17] , no study has been performed on Chinese Holstein bulls.
MicroRNAs are a class of endogenous and noncoding RNA molecules approximately 19 to 23 nucleotides in length; miRNAs regulate gene expression by targeting mRNAs for translational repression and degradation [18, 19] . MicroRNAs are involved in several reproductive processes, such as embryogenesis and spermatogenesis [20, 21] . Testes express a large number of miRNAs, which are implicated in the regulation of spermatogenesis [22, 23] . For example, mir-122a is enriched in late-stage male germ cells of mouse [24] . One highly conserved sequence in the 3 0 -untranslated region (UTR) of transition protein 2 (TNP2) mRNA is complementary to that of mir-122a. miR-122a can be involved in the posttranscriptional regulation of the mRNA of TNP2 in the mouse testis by directing results in TNP2 mRNA cleavage [24] . Furthermore, the SNPs of miRNA target sites (miR-TS-SNPs) interfere with miRNA function and likely affect male fertility. More than half of the selected human fertility-related candidate genes contain miR-TS-SNPs [25] . Bioinformatics prediction results have revealed that bovine TNP1 gene is targeted by bta-miR-532 and bta-miR-204. Serum miR-532 may be a novel noninvasive biomarker to detect deep vein thrombosis [26] ; by contrast, miR-204-mediated loss of myeloid cell leukemia-1 results in pancreatic cancer cell death [27] . However, limited information is available regarding the extent to which SNPs of bovine TNP1 gene interfere with miRNA gene regulation and the mechanism by which this process affects semen quality traits.
This study aimed to elucidate the potential molecular mechanism that regulates bovine TNP1 gene expression and its role in semen quality traits in Chinese Holstein bulls. The following parameters were investigated: 1) the association of SNPs and haplotypes of the TNP1 gene with semen quality traits in Chinese Holstein bulls; (2) potential target miRNAs of the bovine TNP1 gene; 3) the effect of target miRNAs on TNP1 gene expression by the functional SNPs of the bovine TNP1 gene; and 4) the relationships among functional SNPs, target miRNAs, and semen quality traits in Chinese Holstein bulls.
MATERIALS AND METHODS
Experimental Animals, Phenotypes, and DNA Extraction A total of 404 normal, mature Chinese Holstein bulls from the Beijing, Shanghai, and Shandong bull stations were included in the study. For each bull, sperm quality traits were repeatedly determined from 2007 to 2012. These 404 genotyped bulls were ages 2.5-11 yr. All of these 404 bulls were the sons of 227 sires (each sire had 1-7 sons; average, 1.80 sons) and 109 dams. A total of 45 874 ejaculates from 404 bulls with 5-354 ejaculates from each bull were used. During this period, semen was collected at intervals of 3-6 days from each bull by using an artificial vagina. Afterward, the ejaculates were stored at 378C in a water bath before fresh semen quality traits, including semen volume per ejaculate (ml), sperm motility (%), sperm concentration (310 8 /ml), and abnormal sperm percentage, were evaluated. Fresh semen was diluted with glycerol-egg yolk-citrate in the Beijing and Shanghai bull stations and then with Bioxcell (IMV Biotechnology) in the Shandong bull station; the diluted specimen was packaged in 0.25-ml straws, cryopreserved, and stored in liquid nitrogen for 5-7 days; two straws were randomly obtained from each ejaculate, thawed at 388C for 20 sec, and immediately evaluated for frozen semen quality traits, including postthaw cryopreserved sperm motility and abnormal sperm percentage under light microscopy, according to the guidelines of the World Health Organization.
In brief, ejaculate volume was obtained using a semen-collecting vial and calculated as the weight of ejaculate (the difference in the weight of the collection tube before and after sampling) divided by semen density. The motilities of the fresh and postthaw cryopreserved sperm were viewed on a TV monitor connected to a camera mounted onto a phase-contrast microscope (Olympus-BX40; Optical Co. Ltd.) at 4003 magnification. A drop of semen was placed on a prewarmed (378C) slide and overlaid with a coverslip. The sperm concentration was determined using a sperm densitometer (Accucell; IMV Biotechnology) calibrated with a hemocytometer method. The percentage of viable sperm was calculated by examining more than 100 sperm cells stained by eosin Y-aniline blue from each sample at 4003 magnification [28] . The percentage of sperm deformities was also calculated at 4003 and 10003 magnifications by Giemsa staining [29] . To minimize variation, one welltrained technician evaluated the quality traits of all of the semen samples in each semen collection station. The averages of the values of semen quality traits from each bull were calculated using the mean function of SAS 8.0, including deformity rate (13.87% 6 0.44%), ejaculate volume (6.32 6 0.30 ml),initial sperm motility (78.58% 6 0.77%), frozen semen motility (40.48% 6 0.25%), and sperm density (11.39 6 0.75 3 10 8 /ml).
Semen and blood were collected from each bull. An anticoagulant (ethylene diamine tetraacetic acid [EDTA]) was added to the blood samples and then stored at À208C. Genomic DNA was extracted from the whole blood by using the standard phenol-chloroform extraction protocol [30] . The cryopreserved sperm cells were thawed, and their DNA was extracted using a previously described high-salt method [31] . In brief, the specimen was treated with mercaptoethanol, digested with proteinase K, extracted with high-concentration salt, and precipitated with isopropanol. The concentration of DNA was estimated using a ultraviolet spectrophotometer and diluted to 50 ng/ll. All of the DNA samples were stored at À208C for subsequent analysis. 
Analysis of Gene Polymorphisms and Genotyping
Based on the DNA sequence of bovine TNP1 gene (GenBank accession No. AC_000159.1) by PRIMER PREMIER 5.0 software (Premier), two primer pairs were designed and synthesized by Shanghai Sangon Biological Engineering Technology (Table 1 ). The PCR volume contained 100 ng of genomic DNA, 1.0 ll of 10 lmol/L each primer, and 12.5 ll of 23 power PCR MasterMix (Bioteke); ddH 2 O was then added to obtain a total volume of 25 ll. Initial denaturation was performed for 4 min at 958C. Afterward, 35 cycles of denaturation at 958C for 30 sec, annealing at 548C-628C for 30 sec, and elongation at 728C for 30 sec (Table 1) were performed. Extension was performed at 728C for 10 min. The PCR products were tested by 1% agarose gel electrophoresis. All of the 60 products were randomly selected from 404 bulls to confirm the TNP1 sequence by direct sequencing in both directions in an ABI 3730xl DNA analyzer (Applied Biosystems) and by comparing these samples with the reference sequence (GenBank accession no. AC_000159.1). The DNASTAR 8.0 package (DNASTAR Inc.) was used to analyze sequence data to detect nucleotide changes in the sequence. One new SNP (g. 528 G.A, ss1388116558) and one reported SNP (g. 442 A.G, rs110469441) were found in the 3 0 -UTR of the TNP1 gene according to the sequencing results (translated start point as þ1).
The gene was genotyped using PCR-restriction fragment length polymorphism (RFLP) and created restriction site PCR (CRS-PCR) methods. The corresponding restriction endonucleases Sth132I and TaqI were selected to digest PCR products. A part of the digested products was detected by 10% PAGE in 13 Tris-borate-EDTA buffer at a constant voltage of 110 V for 3.5-4 h. The digested products were then stained with 0.1% silver nitrate [32] . The other part was detected by 1% agarose gel in 13 Tris-acetate-EDTA buffer at a constant voltage of 120 V for 20-30 min. Genotyping primers, fragment sizes, and restriction enzymes are shown in Table 2 .
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Prediction of the Target miRNA
To identify miRNAs that may potentially regulate TNP1 expression, we computationally nominated miRNAs that might contribute to the regulation of TNP1 expression with SNPs present in the binding sequence of miRNAs. Maximal complementarity is restricted to a region called a ''seed sequence'' on the 5 0 end of the miRNA spanning nucleotides 2-8 [33] . To prevent falsepositive results, we used multiple prediction algorithms. The target miRNAs of the bovine TNP1 gene, including g. 442 A.G and g. 528 G.A SNP, were predicted using three programs: RNA22 (http://cbcsrvwatson.ibm.com/rna22. html), Targetscan (http://www.targetscan.org/vert-50/), and MicroInspector (http://bio2server.bioinfo.uni-plovdiv.bg/microinspector/). We obtained the results from each of the target prediction programs and subsequently integrated these results to find the most reliable miRNAs [34] .
Relative Quantitative Analysis of miRNAs
The relative miRNA (bta-miR-532 and bta-miR-204) expressions between fetal (pre-sex maturation) and adult (post-sex maturation) bulls were determined by quantitative PCR (qPCR). For qPCR, bta-miR-532 primer, bta-miR-204 primer, Bovine 5s primer, EzOmics miRNA qPCR detection primer set, and EzOmics One-Step qPCR kit were purchased from Biomics Biotechnologies. Bovine 5s rRNA was used as an internal control. The detailed steps were described in a previous report [23] . Each miRNA from each sample was analyzed in quadruplicate. Differential miRNA expression was determined using the 2 ÀDDCt method and shown by fold change.
RT-qPCR Analysis of the mRNA of Bovine TNP1
Reverse transcription-qPCR was performed to investigate differential mRNA expression in haplotype combinations (H1H1, H2H2, H3H3, and H4H4) of the bovine TNP1 gene by performing an SYBR green assay (TaKaRa Biotechnology) on a Roche LightCycler 480 machine (Roche Applied Science) according to the manufacturer's protocol. Total RNA was extracted from fresh sperm cells according to previously described methods [35] . Specific quantitative primers were forward, 5 0 -AGAGCAGCCTGAAGAGTAGAAA-3 0 ; and reverse, 5 0 -AGGGAGAAACAGCCAACAT-3 0 , and the product size was 237 bp. At the same time, primers from the housekeeping b-actin gene were designed as an internal control. Each experiment was performed in quadruplicate. The reaction volume of 20 ll contained 6.4 ll of H 2 O, 10 lM primers, 2 ll of cDNA, and 10 ll of 23 RealMasterMix (TaKaRa), and was subjected to the following protocol: initial denaturation at 958C for 30 sec, 40 cycles of 958C for 5 sec, and 608C for 30 sec. A dissociation curve was drawn at 958C for 5 sec, 608C for 1 min, and 958C for 15 sec.
TNP1 3 0 -UTR Expression Plasmid Constructs
A pair of primers (forward, 5 0 -CGACGCGTCTTCCCTACAGCCAATCG CA-3 0 ; reverse, 5 0 -CCCAAGCTTCCAGCTCAGGAACCCAGTTT-3 0 ) was designed to amplify the TNP1 3 0 -UTR containing g. 442 A.G and g. 528 G.A. MluI and HindIII restriction enzymes were used to construct different 3 0 -UTR genotype and haplotype plasmids. DNA products were extracted and purified using a gel/PCR extraction kit (Biomiga). The PCR products were cloned into a pMIR-REPORT vector (Ambion) via MluI and HindIII restriction enzyme sites. Afterward, bta-miR-532 and bta-miR-204 expressions and their corresponding control miR-control plasmids via the pEZX-MR04 vector construct were purchased from GeneCopoeia. Direct sequencing was performed to verify the proper orientation and construct authenticity.
Cell Lines and Treatments
Murine Leydig tumor cell line (MLTC-1) was purchased from the Shanghai Life Science Institute, Chinese Academy of Sciences Cell Resource Center. MLTC-1 was grown in RPMI 1640 supplemented with 2.5 g/L glucose, 1.5 g/L sodium bicarbonate, 0.1 g/L sodium pyruvate, 25 mM Hepes, 10 UÁml À1 penicillin, 10 lgÁml À1 streptomycin, and 10% fetal bovine serum [36, 37] . The cells were cultured in 5% CO 2 atmosphere at 378C. The medium was changed daily on account of sensitivity to pH and slow growth. The cells were subcultured at an interval of 3 days. All of the reagents were purchased from GIBCO and Sigma. TNP1 SNPs BY miRNA AFFECT BOVINE SPERM MORPHOLOGY
Transient Transfection Assays

Statistical Analysis
The selection of bulls with better sperm quality traits is of great significance in bovine breeding. Ejaculate volume, initial sperm motility, sperm density, postthaw cryopreserved sperm motility, and deformity rate are regarded as indicators of semen quality traits. To investigate whether or not the two SNPs are associated with sperm quality traits in Chinese Holstein bulls, we performed a genetic association analysis among the genotypes, haplotypes, and semen quality traits of 404 bulls.
Linkage disequilibrium and haplotype frequency analyses were performed with SHEsis software (http://analysis.bio-x.cn) [38, 39] . Genotypic frequencies, allelic frequencies, Hardy-Weinberg equilibrium v 2 test, heterozygosities (He), polymorphism information contents (PIC), and effective number of alleles (Ne) were calculated using POPGENE version 1.31. The association of the identified genetic variations and haplotype combinations with semen quality traits was analyzed using a general least squares model procedure by SAS 8.0 statistical analysis software (SAS Institute Inc.) according to the following linear model:
where Y ijkl is the observed value of each semen quality trait, l is the overall mean, H i is the fixed effect of genotype or haplotype combinations, P j is the fixed effect of age (j ¼ 2-10; classified as 1) 2-3 yr; 2) 4-5 yr; and 3) ! 6-10 yr), S k is the fixed effect of the origin of the bull, M l is the effect of the farm, and e ijkl is the random residual error. P , 0.05 and P , 0.01 were regarded as significant.
The relative quantification of mRNA, miRNAs, and luciferase activity of TNP1 was represented as mean 6 standard error.
RESULTS
Genetic Polymorphisms of the TNP1 Gene in Chinese Holstein Bulls
One new SNP (g. 528 G.A, ss1388116558) and one reported SNP (g. 442 A.G, rs110469441) were revealed in the 3 0 -UTR of the TNP1 gene by direct sequencing and by comparing these samples with the reference sequence (Gen- 
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Bank accession no. AC_000159.1; Fig. 1A ). Based on the three different systemic bioinformatics software programs, TNP1 was predicted as one of the target genes of bta-miR-204 and bta-miR-532. The SNP g. 442 A.G site was located in the btamiR-204-binding site ( Fig. 2A) , and the SNP g. 528 G.A was located in the bta-miR-532-binding site (Fig. 2B) .
Sth132I and TaqI were selected to discriminate sequence variations by using CRS-PCR and RFLP methods. The PCR products of TNP1 g. 442 A.G locus were digested with Sth132I and produced three genotypes: a 273-bp fragment of genotype AA; 273-, 248-, and 25-bp fragments of genotype GA; and 248-and 25-bp fragments of genotype GG. The PCR products of TNP1 g. 528 G.A locus were digested with TaqI and produced the following: 283-and 24-bp fragments of genotype GG; 307-, 283-, and 24-bp fragments of genotype GA; and a 307-bp fragment of genotype AA (Fig. 1B) 
Association of TNP1 Gene Polymorphisms with Semen Quality Traits in Chinese Holstein Bulls
We analyzed the effects of the two novel genetic variations on semen quality traits (Table 4) . Bulls with the AA genotype at locus g. 442 A.G had a relatively low, but not significant, deformity rate compared with bulls with the GG genotype. Bulls with the GG genotype at locus g. 528 G.A had a significantly lower deformity rate than those with GA and AA genotypes (P , 0.05).
The two SNPs g. 442 A.G and g. 528 G.A were used for haplotype reconstruction. Four haplotypes, namely, H1 (AG), H2 (AA), H3 (GG), and H4 (GA), were constructed. The estimated haplotype frequencies of H1, H2, H3, and H4 were 16.2%, 2.1%, 58.6%, and 23.1%, respectively. The highest haplotype frequency was observed in H3; by contrast, the lowest haplotype frequency was detected in H2. Only eight combined haplotypes (the number of bulls . 5; H1H1/23, H1H3/78, H1H4/15, H2H2/10, H2H4/32, H3H3/152, H3H4/ 28, and H4H4/62) were used for population analysis. The correlation between haplotype combinations and semen quality traits was analyzed ( Table 5 ). The bulls with the haplotype combination H1H1 and H1H3 showed a significantly lower deformity rate (P , 0.05) than those with other haplotype combinations ( Table 5) . No significant differences in ejaculate volume, sperm concentration, fresh sperm motility, and postthaw cryopreserved sperm motility were found among different genotypes or haplotype combinations in the two SNPs. Using the three software programs, we predicted that miRNAs could bind to the same target sites. We then integrated these results: bta-miR-204 showed the highest likelihood to target the 3 0 -UTR of TNP1 with g. 442 A.G. Furthermore, bta-miR-532 and the 3 0 -UTR of TNP1 with g. 528 G.A were the best match (Fig. 2) .
FIG. 2. Predicted targets in
Expressions of bta-miR-204 and bta-miR-532 in the Testicular Tissues of Bulls
Huang et al. [23] detected the differential expression of novel miRNAs between testicular and ovarian tissues in cows by Solexa sequencing. The results revealed that bta-miR-204 and bta-miR-532 were both expressed in testis. In our present study, the relative expressions of these two novel miRNAs were compared between adult and fetal testicular tissues of bulls by qPCR. The expression of bta-miR-204 was downregulated by 1.6-fold in adult bull testicular tissues compared with fetal bull testicular tissues. Likewise, the expression of btamiR-532 was downregulated by 5-fold.
The mRNA Expression of Bovine TNP1 in the Sperm with Different Haplotype Combinations
We examined the relative mRNA expression levels of TNP1 in the sperm cells from different haplotype combinations of bulls. The results showed that the relative mRNA expression of TNP1 in bulls with the haplotype combination H1H1 (AGAG) was significantly higher (P , 0.05) than that in bulls with the haplotype combination H4H4 (GAGA; Fig. 3) . Thus, the SNPs g. 442 A.G and g. 528 G.A in the 3 0 -UTR of TNP1 affected the mRNA expression of TNP1.
Activity Analysis of the 3
0 -UTR of TNP1 Targeted by btamiR-532 and bta-miR-204
The results showed that bta-miR-204 and bta-miR-532 reduced luciferase reporter gene activity. For the g. 442 A.G site, bta-miR-204 exhibited a higher binding affinity to the 3 0 -UTR of g. 442 A.G-GG type than to the 3 0 -UTR of g. 442 A.G-AA type. Likewise, bta-miR-532 showed a higher binding affinity to the 3 0 -UTR of g. 528 M.N-NN type than to the 3 0 -UTR of g. 528 M.N-MM type (Fig. 4, A and B) . These results were consistent with computational predictions. Furthermore, the fluorescence intensity of the AM haplotype was significantly higher than that of the GN haplotype according to the miRNA coregulation system (P , 0.05; Fig.  4C ). Thus, bta-miR-204 and bta-miR-532 elicited inhibitory effects on the upstream luciferase gene by direct binding.
DISCUSSION
The TNP1 gene, which is expressed during spermiogenesis, is located on 2q42-q43 in Bos taurus [40] . This gene contains an intron and two exons; the second exon measures only 29 bp in length and encodes 55 amino acids. Thus far, only one transcript has been identified. The TNP1 intron splits the first base and the second base of a codon (GCC). This codon contains GT-AG splice sites (GCC), as indicated by different colors. TNP1 mutations may affect sperm chromatin structure and reduce fertility in mice [41] ; these mutations may also significantly affect spermatozoal maturation in Murrah buffalo bull [11] and human [8, 42] . In our study, two SNPs were found-one new SNP (g. 528 G.A, ss1388116558) and one reported SNP (g. 442 A.G, rs110469441)-in the 3 0 -UTR region of the bovine TNP1 gene. These SNPs were found by examining 404 Chinese Holstein bulls with PCR-RFLP, CRS-PCR, and DNA sequencing techniques. Furthermore, we found that the SNP g. 442 A.G site and the SNP g. 528 G.A site were located in bta-miR-204-binding and bta-miR-532-binding sites, respectively.
Association analysis results showed that the SNP marker g. 528 G.A was significantly correlated with the evaluated sperm quality traits, if environment and peculiarities in the AI stations were disregarded. Bulls with the genotype GG at the locus of g. 528 G.A exhibited a significantly lower deformity rate than those with the genotypes GA and AA (P , 0.05). Furthermore, bulls with the haplotype combination H1H1 and H1H3 showed a significantly lower deformity rate (P , 0.05) than those with other haplotype combinations. Interestingly, the mRNA expression of TNP1 in sperm cells of bulls with the haplotype combination H1H1 (AGAG) was significantly higher than that in bulls with the haplotype combination H4H4 (GAGA; P , 0.05). Thus, the SNPs g. 442 A.G and g. 528 G.A in the 3 0 -UTR of TNP1 may be responsible for the differences in the deformity rate of bull sperm. Our findings suggested that these two SNPs contribute to the phenotypic traits of semen by influencing TNP1 gene expression. Consistent with this result, other studies have revealed relevant supporting information [11, 14, 15, 42, 43] . TNP1 is a spermatid-specific protein that replaces histones but is replaced by protamines during the later stages of spermatogenesis. The absence of TNP1 can lead to dysregulation of sperm protein replacement, resulting in an abnormal pattern of chromatin compaction and reduced fertility. For example, TNP1 gene mutation, which maps TNP1 to chromosome 2q35-q36 in humans, leads to several abnormalities in sperm morphological characteristics, although testicular weight and sperm production are normal [15, 43] . Spermatogenesis fails to occur, as characterized by spermatid arrest, when TNP1 is not expressed in human testis [14] . Furthermore, haplotype-based association analysis showed that the haplotype GCG (H3; g. À717 G .C, g. À394 T.C, and g. À287 A.G) in the human TNP1 gene is a risk factor for azoospermia [42] . In addition, mice lacking TNP1 exhibit a pronounced reduction in sperm mobility. The phenotypic abnormalities of the Tnp1 À/À mice include partial infertility (60% of males were infertile), failure of complete P2 processing, focal condensation of chromatin at step 12, incomplete condensation of the sperm nucleus in the epididymis, greater susceptibility of the sperm chromatin to acid denaturation, sperm tail abnormalities, and reduced motility and viability. Furthermore, an abnormal pattern of chromatin condensation and a severe reduction of sperm motility are observed [7, 41, 44] . The TNP1 gene revealed three SNPs at the þ205 G.A (intron 1), þ340 C.T (exon 1), and þ346 C.A (exon 1) loci between variant C and variant D of Murrah buffalo bulls; these SNPs likely affect spermatozoan maturation significantly [11] .
MicroRNAs are small noncoding RNAs that regulate gene expression by targeting mRNAs at either the transcriptional or the posttranscriptional level. For example, chromatin organization is regulated at a transcriptional level; mRNA stability and protein synthesis are controlled at a posttranscriptional level. Spermatogenesis is a multistep, complex developmental process; this process involves continuous cell proliferation and differentiation of germ cells into functional spermatozoa as the final form. Differentiation is dependent on sequential gene expressions. Implicated in spermatogenesis, miRNAs are abundant in bovine spermatozoa and testis [6, 23, 45] . In spermatogenesis, miRNA-argonaute complex interacts with the 3 0 -UTR of the target mRNAs by complementary binding of an miRNA to an mRNA. This binding blocks translation initiation, induces endonucleolytic cleavage of a target mRNA, or both [6, 46] . The seed region of miRNAs (nucleotides 2-7 of the 5 0 end) is considered one of the most important regions in mRNA-targeting efficacy [47] . In particular, miRNAs require almost perfect complementarity at the seed sites to bind and to reduce the protein levels of targets [48] . However, studies have shown that SNPs in the no-seed sequence of miRNA may also affect miRNA-binding ability [49] [50] [51] . Our results suggested that the bovine TNP1 gene is a target of bta-miR-204 and btamiR-532. Although the SNPs (g. 442 A.G and g. 528 G.A) occurred in the no-seed region of bta-miR-204, and the btamiR-532-binding sites were found by bioinformatics prediction, further transfection experiments in vitro confirmed that SNP altered its binding affinity. In addition, both bta-miR-204 and bta-miR-532 were found to be expressed in cow testis by Solexa sequencing [23] . Furthermore, the miRNA qPCR results suggested that bta-miR-204 and bta-miR-532 expressions were downregulated in adult bull testis tissues compared with those in fetal bull testis tissues.
Polymorphisms and mutations in the corresponding sequence space, such as machinery, miRNA precursors, and target sites, may significantly contribute to phenotypic variations, such as male subfertility or decreased initial semen motility [6, 46] . Genome-wide bioinformatics analysis predicted that approximately 64% of transcribed SNPs as target SNPs can modify (increase/decrease) the binding energy of putative miRNA-mRNA duplexes by .90% [52] . MicroRNA-related SNPs are functional SNPs that may impair the regulatory function of miRNA. We postulated that the SNPs g. 442 A.G-A and g. 528 G.A may influence TNP1 gene expression by modulating the binding affinities of miRNA and target mRNA; thus, these SNPs may account for differences in the abnormal morphological characteristics of sperm cells. bta-miR-204 0 -UTR deleted the imperfect complementary binding of the sequences of bta-miR-204, bta-miR-532, and the TNP1 gene; as a result, the mRNA expression of TNP1 was increased. In addition, the relative mRNA expression of TNP1 in Holstein bulls with different haplotypes also supported these results. Luciferase reporter assay further confirmed that TNP1 expression was significantly downregulated in the GA haplotype compared with that in the AG haplotype. Interestingly, the two identified miRNAs could regulate TNP1 gene expression alone; these miRNAs could also be involved in coregulation. A coregulation system exhibited a greater influence. Low TNP1 expression may prevent spermatogenesis and further influence the morphological characteristics of sperm cells. Therefore, these haplotype combinations (AAGG) can be used as molecular markers to participate in the bull cultivation with high-quality semen. These results also provided the first indication that functional SNPs (g. 442 A.G and g. 528 G.A) mediated translational suppression in which SNPs altered bta-miR-204 and bta-miR-532 binding to the 3 0 -UTR of TNP1; this mode of suppression can participate in the regulation of TNP1 expression and in spermatogenesis, as well as in the normal morphological characteristics of Holstein bull sperm.
In summary, g. 442 A.G and g. 528 G.A in TNP1 are functional SNPs in bta-miR-204 and bta-miR-532 target sites. The SNPs g. 442 A.G and g. 528 G.A in TNP1 are SNPs with a strong relevance, and these SNPs are possibly implicated in spermatogenesis and in the normal morphological characteristics of Holstein bull sperm. We propose that SNPs on the 3 0 -UTR of TNP1 may help select semen quality traits in Chinese Holstein bulls in the dairy industry. Furthermore, these findings could help us understand the regulatory mechanisms of biological functions and expression of the TNP1 gene in Holstein bulls. However, further studies with large sample sets should be conducted to confirm this association and to determine the possible effects of this variant on semen quality.
